Clear magnetic domains with their wormlike shapes can be easily distinguished in a 75*75 µm 2 phase plot from the MFM scan. MFM show the distribution of the ferromagnetic ferrite within the paramagnetic austenite without the need to perform any chemical etching steps.
Introduction
Studying the microstructure of duplex stainless steel is traditionally performed through chemical etching to identify the ferritic and austenitic phases. Such approach is nontrivial, requiring skill and experience in sample preparation as well as analysis. Magnetic force microscopy (MFM) provides a valuable alternative to locally identify the phases without the need for specific surface treatment that may alter the surface. The technique exploits the difference in the magnetic characteristics of the phases (α is ferromagnetic and γ is paramagnetic) to unequivocally distinguish the phases with high resolution.
Local characterization of austenite and ferrite phases in duplex stainless steel using MFM and nanoindentation The local mechanical properties of ferritic and austenitic domains in a duplex stainless steel are locally studied by nanoindentation. The elastic and plastic properties of the two phases are determined. Without any specific surface treatment (chemical or electrochemical), the austenitic and ferritic domains present in the duplex stainless steel are distinguished using magnetic force microscopy. The magnetic scans allow nanoindentation results to be assigned to the respective phase, yielding the local mechanical properties of the duplex steel. The magnetic scans also show a sharp transition between the phases that is maintained even inside indentations. The ferrite phase is found to supersede austenite in the elastic modulus, hardness, and strain-hardening exponent, while both phases possess similar yield strength. Interface properties are a weighted average of the phase properties.
Experimental
A commercial austenitic-ferritic duplex stainless steel sample (Uranus 50) is examined throughout the course of this work. The sample is subjected to mechanical testing using nanoindentation followed by a magnetic force microscope scanning to the indented area. Nanoindentation experiments are performed using MFP Nanoindenter (Asylum Research) with a Berkovich tip. MFM scans are conducted using MFP three-dimensional atomic force microscope (Asylum Research) using a CoCr coated tip. The tip is magnetized along its axis before scanning.
Conclusion

